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(54) Piezoelectric actuator having an array of drive columns 

(57) A piezoelectric actuator has a base (14), and 
an array of drive columns (38) separated by grooves 
and each having a top surface (31a) for outputting a dis- 
placement force. Each of the drive columns (38) is 
formed in a unitary body with an underlying portion of 
the base (14) by a first block (31c) of a plurality of green 
sheets (34, 35) made of a piezoelectric material and 
stacked together. The base (14) has additionally a sec- 
ond block (31 d) of third green sheets stacked between 
adjacent two of the first block (31c) at the portion of the 
base (14) underlying the groove (12). 
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Description 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention s 

[0001 ] The present invention relates to a piezoelectric 
actuator having an array of drive columns and, more 
particularly, to a piezoelectric actuator that is especially 
suitable for ink jet printers, that can be fabricated with 10 
improved positional accuracy and increased integration 
density, and that can be stably driven. The present 
invention also relates a method for fabricating such a 
piezoelectric actuator. 

15 

(b) Description of the Related Art 

[0002] In ink jet printers, a piezoelectric actuator is 
generally used in the ink jet head of the ink jet printers 
for ejecting liquid ink therefrom. A conventional piezoe- 20 
iectlic actuator for such an ink jet head is proposed in, 
for example, Patent Publication No. J P-A-96- 156272. 
Figs. 1A and 1B show the proposed piezoelectric actu- 
ator. 

[0003] For fabrication of the piezoelectric actuator, a 25 
plurality of elongate piezoelectric plated 88 of a stacked 
structure are first bonded onto a substrate 84 along 
electrode plates 86 and 87 formed thereon, as shown in 
Fig. 1A. 

[0004] Subsequently, a plurality of slits extending in a 30 
direction perpendicular to the longitudinal direction of 
the elongate piezoelectric plates 88 are formed in the 
piezoelectric plates 88 and on the surface portion of the 
substrate 84 at a predetermined pitch. Thus, a plurality 
of rows 91 are formed each having a plurality of stacked 35 
piezoelectric elements (or drive columns) 89 and 90. 
Subsequently, the electrode plates 86 and 87 are sub- 
jected to patterning to form a plurality of external signal 
electrodes 93 each corresponding to one of the piezoe- 
lectric elements 89, as shown in Fig. 1 B. 40 
[0005] Surface electrodes are then provided on the 
opposite side surfaces of each of the piezoelectric ele- 
ments 89 and 90. The piezoelectric element has therein 
a plurality of layered internal electrode films including a 
plurality of signal electrodes and a plurality of common 45 
electrodes alternately disposed with each other. Each 
surface electrode of the piezoelectric elements con- 
nects the signal electrodes or common electrodes 
together. The surface electrode connecting the internal 
common electrodes together is connected via conduc- so 
tive material to an external common electrode 82 
formed on the substrate 84, whereas the surface elec- 
trode connecting the internal signal electrodes together 
is connected via conductive material to an external sig- 
nal electrode 93 formed on the substrate 84. Further, a 55 
support member 94 is disposed on and bonded to the 
substrate 84, the support member 94 having an open- 
ing for encircling each row of the piezoelectric elements 



89 and 90 so that the top surface of the support member 
94 is flush with the top surfaces of the piezoelectric ele- 
ments 89 and 90. Each of the stacked piezoelectric ele- 
ments 89 and 90 has a displacement output surface at 
the top thereof far from the substrate 84, and, due to the 
longitudinal piezoelectric effect, outputs a displacement 
in the same direction as the direction of the stacking. 
[0006] In the conventional technique as described 
above, a plurality of piezoelectric elements are obtained 
after separation of the elongate piezoelectric plate by 
using slits extending in the transverse direction of the 
elongate piezoelectric plate. Thus, each piezoelectric 
element has a rectangular planar shape, and an ink 
chamber and a nozzle for ejecting liquid ink in associa- 
tion with the piezoelectric element should conform to 
the rectangular shape of the piezoelectric element. A 
pattern of external electrodes for each row of the piezo- 
electric elements is located on either side of the piezoe- 
lectric plates. This presents a higher integration of the 
actuator unit, such as provision of three or more rows of 
piezoelectric elements on a single actuator unit, result- 
ing in a difficulty in increasing the number of nozzles per 
unit area, as well as in a low productivity. 
[0007] Further, since the material of the substrate dif- 
fers from that of the piezoelectric element, it generates 
differences in the thermal expansion coefficient and in 
workability between the substrate and the piezoelectric 
element during machining of the slits. 
[0008] Furthermore, a bonding process must be per- 
formed twice; i.e., when the piezoelectric plate is 
bonded onto the substrate and when the support mem- 
ber is bonded onto the substrate. In addition, when the 
piezoelectric plates are positioned relative to the exter- 
nal electrode patterns on the substrate before being 
bonded to the substrate, a positional deviation is often 
caused between the piezoelectric plates. 

SUMMARY OF THE INVENTION 

[0009] In view of the above, it is an object of the 
present invention to provide a piezoelectric actuator 
having a compact structure and including a plurality of 
piezoelectric elements formed with a higher integration 
and a higher positional accuracy. 
[001 0] It is another object of the present invention to 
provide a method for forming such a piezoelectric actu- 
ator. 

[001 1 ] The present invention provides a piezoelectric 
actuator comprising a base, an array of drive columns 
arranged on the base, each of the drive columns having 
a top surface for outputting a displacement force, and an 
external common electrode and an external signal elec- 
trode for each of the drive columns, each of the drive 
columns being formed in a unitary body with an under- 
lying portion of the base by a first block of a plurality of 
green sheets made of a piezoelectric material and 
stacked together, the green sheets including first green 
sheets each having thereon a common electrode pat- 
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tern in electrical contact with the external common elec- 
trode and second green sheets each having thereon a 
signal electrode pattern in electrical contact with the 
external signal electrode, the base having additionally a 
second block of third green sheets stacked between 5 
adjacent two of the first block. 

[0012] The present invention also provides a method 
for manufacturing a piezoelectric actuator comprising 
the steps of: forming a plurality of green sheets made of 
piezoelectric material and each having thereon a com- io 
mon electrode pattern; forming a plurality of second 
green sheets made of piezoelectric material and each 
having thereon a signal electrode pattern; forming a plu- 
rality of third green sheets made of piezoelectric mate- 
rial; stacking the first through third green sheets such is 
that the first green sheets and the second green sheets 
form a plurality of first block, the third green sheets form 
at least one second block, and the first blocks and sec- 
ond block are stacked alternately to form a stacked 
body; forming at least one first groove on the second 20 
block and at least one second groove intersecting the 
first groove to leave a plurality of drive columns sepa- 
rated by the grooves; forming an external common elec- 
trode and an external signal electrode for each of the 
drive columns, the external common electrode being in 25 
electric contact with corresponding common electrode 
patterns, the external signal electrode being in electric 
contact with corresponding the signal electrode pat- 
terns. 

[001 3] In accordance with the piezoelectric actuator of 30 
the present invention or formed by the method of the 
present invention, the piezoelectric actuator has a com- 
pact size because of the unitary body of the base and 
the plurality of drive columns fabricated with a reduced 
cost and positional accuracy. 55 
[0014] The above and other objects, features and 
advantages of the present invention will be more appar- 
ent from the following description, referring to the 
accompanying drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Figs. 1 A and 1 B are perspective views of a conven- 45 
tional piezoelectric actuator, showing consecutive 
steps of fabricating the piezoelectric actuator; 
Figs. 2A, 2B, and 2C are a perspective view, a top 
plan view, and a bottom view, respectively, of a pie- 
zoelectric actuator according to a first embodiment so 
of the present invention; 

Fig. 3 is a top plan view of a piezoelectric green 
sheet having thereon a plurality of common elec- 
trode patterns; 

Fig. 4 is a top plan view of a piezoelectric green 55 
sheet having thereon a plurality of signal electrode 
patterns; 

Figs. 5A and 5B are a perspective view and a top 



plan view, respectively, of the stacked body used in 
the piezoelectric actuator of the first embodiment; 
Fig. 6 is a top plan view of a piezoelectric actuator 
according to a second embodiment of the present 
invention; 

Figs. 7A and 7B are top plan views of piezoelectric 
green sheets having a common electrode pattern 
and a signal electrode pattern, respectively, in a 
piezoelectric actuator according to a third embodi- 
ment of the present invention; 
Fig. 8 is a perspective view of a piezoelectric actua- 
tor according to a fourth embodiment of the present 
invention; 

Figs. 9A and 9B are top plan views of piezoelectric 
green sheets having a common electrode pattern 
and a signal electrode pattern, respectively, in a 
piezoelectric actuator according to a fifth embodi- 
ment of the present invention; 
Figs. 10A and 10B are top plan views of piezoelec- 
tric green sheets having a common electrode pat- 
tern and a signal electrode pattern, respectively, in 
a piezoelectric actuator according to a sixth embod- 
iment of the present invention; 
Figs. 1 1 is a timing chart showing a waveform of a . 
voltage applied between the common electrode 
and the signal electrode; and 
Fig. 12 is a sectional view of an ink jet head having 
the piezoelectric actuator of the first embodiment 
installed therein. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[001 6] Embodiments of the present invention will now 
be described in further detail with reference to the 
accompanying drawings. 

First Embodiment: 

[0017] Referring to Figs. 2A - 2C showing a perspec- 
tive view, a top plan view and a bottom view, respec- 
tively, of a piezoelectric actuator 31 according to a first 
embodiment of the present invention, the piezoelectric 
actuator 31 has a plurality of drive columns 38 each 
having a shape of a square pole and are separated from 
one another by grooves 12 and 13 arranged in a grid 
pattern as viewed from the top of the piezoelectric actu- 
ator 21 , and a planar base portion 14 for supporting the 
bottom of the drive columns 38. Each of the drive col- 
umns 38 functions as a piezoelectric drive mechanism. 
The piezoelectric actuator 31 has a laminated structure 
of a plurality of green sheets made of piezoelectric 
material and stacked in the direction from the rear side 
of the piezoelectric actuator 31 to the front side thereof. 
The green sheets include first green sheets each having 
thereon a common electrode pattern and second green 
sheets each having thereon a signal electrode pattern. 
[0018] On the bottom surface 31r of the piezoelectric 



3 



BNSDOCID: <EP 0936684A1_I_> 



5 EP 0 936 

actuator 31, a plurality of Common electrode patterns 
32 are connected to an external common electrode film 
1 5 formed for each drive column 38, whereas a plurality 
of signal electrode patterns 33 are connected to an 
external signal electrode film 16 formed for each drive 5 
column 38. Each drive column 38 has at the top thereof 
a displacement surface 31a, through which a displace- 
ment force is output to the outside in the direction of the 
drive column 38 due to the transverse piezoelectric 
effect. 1c 
[0019] Fig. 3 shows one of the green sheets made of 
piezoelectric material for forming the piezoelectric actu- 
ator of Fig. 2A, wherein the green sheet 34 shown 
therein has a plurality of common electrode patterns 32 
formed by application of conductive paste onto the 15 
green sheet 34 and subsequent patterning thereof. Fig. 
4 shows another of the green sheets for forming the pie- 
zoelectric actuator of Fig. 2A, the green sheet 35 shown 
therein has a plurality of signal electrode patterns 33 
formed by application of conductive paste onto the so 
green sheet 35 and subsequent patterning thereof. The 
piezoelectric actuator 31 having the drive columns 38 is 
of a stacked structure, in which green sheets 34 having 
the common electrode patterns 32 and the green 
sheets 35 having the signal electrode patterns 33 are 25 
alternately stacked in a direction perpendicular to the 
green sheets 34 and 35. 

[0020] Each of the common electrode pattern 32 and 
the signal electrode pattern 33 includes a drive elec- 
trode section 36 that drives the drive column 38 30 
together with other drive electrode section 36, and a 
lead section 37 which is connected to the drive elec- 
trode section 36 and has a bottom end that appears 
from the bottom surface 31 r of the piezoelectric actuator 
31, as shown in Fig. 2C. The common electrode pat- 35 
terns 32 and the signal electrode patterns 33 are dis- 
posed at such positions that their drive electrode 
sections 36 overlap each other, and their lead sections 
37 do not overlap each other, as viewed in the stacking 
direction. In the bottom surface 31 r shown in Fig. 2C, 40 
the ends of lead sections 37 of the common electrode 
patterns 32 are aligned in a row for each drive column 
38, and the ends of the lead sections 37 of the signal 
electrode patterns 33 are also aligned in another row for 
each drive column 38. 45 
[0021] In the present embodiment, three common 
electrode patterns 32 and three signal electrode pat- 
terns 33 are formed on each green sheet 34 or 35 in this 
example. However, these numbers may be arbitrarily 
selected in accordance with a desired number of the so 
drive columns 38 arranged in the direction 11. In the 
present embodiment, the piezoelectric material for the 
green sheet 34 or 35 is made from a mixture of lead zir- 
conate titanate ceramics and an organic binder. How- 
ever, a ferroelectric-material or the like generally used ss 
as a piezoelectric material may be used instead. The 
green sheet 34 or 35 can be formed by a doctor blade 
technique to have a thickness of about 30 micrometers 
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(n m). However, the green sheet may have a thickness 
corresponding to a desired amount of displacement of 
the piezoelectric actuator 31 . 

[0022] The method for fabricating the piezoelectric 
actuator 31 will now be described. First, a green sheet 
34 on which common electrode patterns 32 have been 
formed and a green sheet 35 on which signal electrode 
patterns 33 have been formed are stacked on each 
other such that the drive electrode sections 36 of the 
electrode patterns 32 and 33 come into alignment with 
each other and the lead portions 37 of the common 
electrode patterns 32 do not overlap the lead sections 
37 of the signal electrode patterns 33, to form a elec- 
trode sheet block. The electrode sheet block includes 
twenty of green sheets 34 and 35 in this example. Sep- 
arately, a plurality of green sheets on which no electrode 
pattern is formed are stacked on one other to form a 
blank sheet block having no drive electrode portions. 
The blank sheet block also includes twenty of green 
sheets. The common electrode patterns 32 and the sig- 
nal electrode patterns 33 are preferably made of silver- 
palladium paste applied to the green sheet or other con- 
ductive material formed by evaporation. 
[0023] Subsequently, as shown in Figs. 5A and 5B. 
three electrode sheet blocks 31c and two blank sheet 
blocks 31 d are alternately stacked to form a stacked 
sheet body 31 e. For simplicity, in Fig. 5A, among the 
electrode sheet blocks 31c including electrode patterns, 
only the electrode patterns of the front sheet block 31c 
are depicted by broken lines. As a result of alternate 
stacking of the sheet blocks 31c and 31 d, as shown in 
Fig. 5B, three drive columns-to-be are arranged along 
the direction 1 1 parallel to the green sheets as well as 
along the direction perpendicular to the direction 1 1. A 
larger or lower number of sheet blocks 31c and 31d may 
be stacked in accordance with a desired arrangement of 
the drive columns 38. 

[0024] Subsequently, pressure together with heat is 
applied to the stacked sheet blocks by a hot press tech- 
nique in order to unify the stacked sheet blocks 31c and 
31d to form a unitary body. A large amount of organic 
binder resin included in the stacked body 31 e necessi- 
tates a process for removing the binder resin, followed 
by sintering the unitary body at 1 100°C, for example. 
[0025] Subsequently, by use of a dicing saw, the sin- 
tered body 31 e is cut into desired dimensions to serve 
as a piezoelectric actuator unit. In consideration of the 
necessity of positioning the stacked body before the 
grooves are formed for separation of the drive columns 
38, the sintered body is cut such that the edges of the 
common electrode patterns 32 and the signal electrode 
patterns 33 are exposed at the displacement output sur- 
face 31 a. Further, external machining is performed such 
that the edges of the lead sections 37 are exposed from 
the bottom surface 31 r of the sintered body. 
[0026] Subsequently, by use of a dicing saw, grooving 
is performed in order to shape the drive columns 38 
which include drive electrode sections 36 therein. Spe- 
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cHically, a plurality of grooves 12 each having the same 
width as the thickness of the stacked blank sheet 31d 
are formed between the drive columns 38 such that the 
grooves 12 extend along the direction 1 1 parallel to the 
green sheet. The groove 12 are formed by cutting the 
unitary body to a depth of 1 mm from the top surface 
thereof. Subsequently, a plurality of grooves 13 each 
having a width corresponding to the distance between 
adjacent drive electrode sections 36 are formed along 
the stacking direction of the internal electrodes perpen- 
dicular to the grooves 12. Thus, a plurality of drive col- 
umns 38 are completed (see Figs. 2A and 2B). 
[0027] By the steps described above, the drive col- 
umns 38 are formed from the same material as that of 
the base portion of the piezoelectric actuator 31 in a uni- 
tary body therewith. Thus, a piezoelectric actuator 31 is 
obtained having a plurality of drive columns 38 disposed 
in matrix on a common base. Exemplified dimensions of 
the piezoelectric actuator 31 formed by the above steps 
are as follows. The grooves 12 and 13 have a width of 
0.718 mm, and each side of each drive column 38 is 0.3 
mm. Further, the pitch of the drive columns 38 is 1.018 
mm in the direction 1 1 as well as in the direction per- 
pendicular to the direction 11. However, these dimen- 
sions may be arbitrarily selected in accordance with a 
desired pitch of the drive columns 38 and other factors. 
[0028] Subsequently, surface electrodes (or external 
electrodes) for applying drive voltage to the internal 
electrode patterns of the drive columns 38 are formed 
as follows. For each drive column 38, the end surfaces 
of the lead sections 37 of the common electrode pattern 
32 and the end surfaces of the lead sections 37 of the 
signal electrode pattern 33 are exposed at the bottom 
surface 31 r. Subsequently, silver paste is applied onto 
these end surfaces to form surface electrodes 15 and 
16 in Fig. 2C. Further, an FPC cable (unillustrated) is 
connected to the surface electrodes. The FPC cable 
has a pattern that allows selective application of voltage 
between the common electrode pattern 32 and the sig- 
nal electrode pattern 33 of each drive column 38. As a 
result, each drive column 38 can be driven independ- 
ently of one another. In place of the above method, 
evaporation of conductive metal, printing of conductive 
paste, or any other suitable method may be used to 
form the surface electrodes. 

[0029] In operation, a voltage is applied between the 
surface electrodes 15 and 16 on the bottom surface 31 r 
of each drive column 38 via the FPC cable. As a result, 
a voltage difference is generated between the drive 
electrode section 36 of the common electrode pattern 
32 and the drive electrode portion 36 of the signal elec- 
trode pattern 33. Thus, due to the transverse piezoelec- 
tric effect, displacement in the vertical direction 10 is 
output from the displacement output surface 31a of the 
drive column 38. 

[0030] The piezoelectric actuator 31 of the present 
embodiment can be made compact and allows individ- 
ual displacements of the drive columns 38. The piezoe- 



lectric actuator 31 may have another structure in which, 
in place of the common electrode patterns 32 and the 
signal electrode patterns 33, there are provided com- 
mon electrode patterns and signal electrode patterns 

5 that are stacked in the depthwise direction of the 
grooves with an intervention of green sheets of a piezo- 
electric material, and each drive column has at the top 
thereof a displacement output surface, through which 
displacement is output in the height direction of the 

ro drive column 38 due to the longitudinal piezoelectric 
effect. 

[0031] Referring to Fig. 1 1 , there is shown a drive volt- 
age waveform applied to the piezoelectric actuator 31 of 
the present embodiment, wherein the applied voltage is 

15 of a triangle waveform. Each of the drive columns 38 in 
the piezoelectric actuators 31 of the present embodi- 
ment exhibited a maximum output of about 0.3 microm- 
eters when applied with the illustrated drive voltage, 
wherein the maximum output is equivalent among the 

20 drive columns 38. The piezoelectric actuator 31 was 
also installed in an ink jet head, such as shown in Fig. 
12. The ink jet head had a plurality of pressure cham- 
bers 22 each communicated with an Inkjet nozzle 21 
and an ink inlet passage 23, and a vibration plate 24 

25 defining a wall of the pressure chamber 22 and attached 
with a drive column 38 of the piezoelectric actuator 31 at 
the outer surface of the vibration plate 24. A voltage 
having a waveform shown in Fig. 1 1 was applied to the 
drive column 38, whereby ink droplets can be^stably 

30 ejected from all the ink jet nozzles 21 . 

Second Embodiment: 

[0032] Referring to Fig. 6, a piezoelectric actuator 40 
35 according to a second embodiment is similar to the first 
embodiment, except that the base plate 43 as well as 
the drive columns 42 are rhombic as viewed from the 
top, wherein two adjacent sides form therebetween an 
angle of e = 85° . The grooves 1 2 are arranged in a sub- 
40 stantially grid pattern such that the grooves 12 intersect 
at the angle 8 . The angle 6 may be in a range between 
45 and 90° . 

[0033] The piezoelectric actuator 40 of the present 
embodiment is fabricated similarly to the first embodi- 

45 ment, except that the green sheets each having thereon 
an electrode pattern are arranged such that the elec- 
trode patterns are consecutively shifted in the? same 
direction from the adjacent electrode patterns by a 
specified distance as viewed from the front side- of the 

50 actuator 40. The specified distance corresponds to a 
desired angle 6 and the thickness of the green- sheet. 
The piezoelectric actuator 40 thus fabricated exhibited a 
maximum output of 0.3 micrometers at the applied volt- 
age of Fig. 1 1 , similarly to the first embodiment. An ink 

55 jet head of Fig. 12 having the piezoelectric actuator of 
the present embodiment exhibited excellent perform- 
ance, similarly to the first embodiment. 
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Third Embodiment: 

[0034] A piezoelectric actuator according to a third 
embodiment of the present invention has surface elec- 
trodes formed on the side surfaces of each drive col- 
umn. Specifically, referring to Fig. 7A showing a first 
green sheet having thereon a common electrode pat- 
tern 47a and Fig. 7B showing a second green sheet 
having thereon a signal electrode pattern 47b, the 
edges of both the electrode patterns 47a and 47b are 
exposed at the opposite side surfaces of each drive col- 
umn 48. Other configuration is similar to the first embod- 
iment. The surface electrode for the Internal common 
electrode patterns is formed on the side surface 46a 
whereas the surface electrode for the internal signal 
electrode patterns is formed on the side surface 46b. 
[0035] The piezoelectric actuator 44 of the present 
embodiment is fabricated similarly to the first or second 
embodiment, except that the green sheets are stacked 
such that rectangular common electrode pattern and 
rectangular signal electrode pattern- are deviated from 
each other by a specified distance. After the grooves 
are formed by dicing or other mechanical machining, 
the edges of both the electrode patterns 47a and 47b 
are exposed from opposite side surfaces 46a and 46b of 
the drive column 48. 

[0036] Unlike the case of the first and second embod- 
iments, the piezoelectric actuator 44 of the present 
embodiment obviates the step for dicing at the bottom 
surface of the actuator for exposing the lead sections, 
which reduces the waste amount of the piezoelectric 
material due to the dicing, and thus reduces the cost of 
the piezoelectric actuator. 

Fourth Embodiment: 

[0037] Referring to Fig. 8 showing a piezoelectric 
actuator according to a fourth embodiment of the 
present invention, the piezoelectric actuator 50 has a 
plurality of dummy columns 52 in addition to the drive 
columns 38, the dummy columns 52 having dimensions 
and a shape similar to those of the drive columns. The 
dummy columns 52 have, however, no internal elec- 
trodes therein and therefore function only as support 
members. In this example, the actuator 50 includes a 
first row and a second row both extending in the direc- 
tion 1 1 and disposed alternately with each other. The 
first row includes drive columns 38 and dummy columns 
52 arranged alternately with each other, whereas the 
second row includes only the dummy columns 52. 
Exemplified dimensions are such that the drive columns 
38 and the dummy columns 52 have a side of 0.3 mm, 
the grooves 56 have a width of 0.209 mm, the pitch of 
the drive columns 38 is 1 .018 mm in both the directions, 
although these dimensions may be changed in accord- 
ance with a desired pitch of the drive columns 38 and 
other factors. 

[0038] As in the first and second embodiments, the 



piezoelectric actuator 50 according to the present 
embodiment was installed in an ink jet head, and a test 
was performed in order to compare, in terms of the per- 
formance of ejecting liquid ink droplets, the case where 

5 the support columns 52 were provided and the case 
where the support columns 52 were not provided. The 
test results demonstrated that the provision of the sup- 
port columns 52 suppresses deformation of other por- 
tions, thereby allowing effective use of the output 

10 displacement of each drive column 38 and decreasing 
crosstalk. That is, the output displacement required for 
ejecting liquid ink is decreased, and variation in the 
ejecting characteristics of the nozzles is also 
decreased. 

15 

Fifth Embodiment: 

[0039] A piezoelectric actuator according to a fifth 
embodiment has internal electrodes exposed only at the 

20 bottom surface of the piezoelectric actuator. Specifi- 
cally, referring to Fig. 9A showing a common electrode 
pattern 63 in a drive column 62 and Fig. 9B showing a 
signal electrode pattern 66 in the drive column 62, each 
of the electrode patterns 63 and 64 has a drive elec- 

25 trode section 64 and a lead section 65. The drive elec- 
trode section 64 has a bottom edge flush with the 
bottom of the groove 61 and is entirely received within 
the drive column 62, whereas the lead section 64 has 
an edge exposed at the bottom of the piezoelectric actu- 

30 ator 60. By this configuration, the drive columns 62 do 
not have exposed electrode patterns, thereby prevent- 
ing a short-circuit failure at the outer surface of the drive 
columns 62 to improve the lifetime of the actuator 60. 
[0040] The piezoelectric actuator 60 of the fifth 

35 embodiment can be modified such that the grooves 61 
have a larger depth. That is, the bottom of the groove 61 
is lower than the bottom edge of the electrode section 
64 of the electrode pattern 63 or 66. This configuration 
provides a further improvement of the lifetime because 

40 the stress concentration can be alleviated in the modi- 
fied embodiment. 

[0041] The piezoelectric actuator 60 of the fifth 
embodiment may be further modified such that the bot- 
tom of the groove 61 is higher than the bottom edge of 

45 the electrode section 64 of the electrode pattern 63 or 
66. This configuration achieves a higher displacement 
output of the piezoelectric actuator. Similar modifica- 
tions may be also applied to the first through fourth 
embodiments. The number and arrangement of the 

so drive columns or the number of green sheets for the 
electrode sheet block or blank sheet block may be arbi- 
trarily selected in accordance with the design of the 
actuator. 

55 Sixth Embodiment: 

[0042] A piezoelectric actuator according to a sixth 
embodiment is similar to the first embodiment except 
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that the lead section is exposed from the side surfaces 4. 
of the drive columns. Specifically, referring to Fig. 10A 
showing a common electrode pattern 73 in a drive col- 
umn 72 and Fig. 10B showing a signal electrode pattern 
76 in the drive column 72, the common electrode pat- 5 
tern 73 has a drive electrode section 74 and a lead sec- 5. 
tion 76a having an edge exposed at a side surface 77a 
of the drive column 72, whereas the signal electrode 
pattern 76 has a drive electrode section 74 and a signal 
lead section 75b having an edge exposed at the oppo- 10 
site side surface 77b of the drive column 72. The com- 
mon lead sections 75a and the signal lead sections 75b 
are connected with respective external electrodes 78a 
and 78b by application of silver paste. The piezoelectric 
actuator 70 of the present embodiment achieves advan- 15 6. 
tages similar to those in the fifth embodiment. 
[0043] Since the above embodiments are described 
only for examples, the present invention is not limited to 
the above embodiments and various modifications or 
alterations can be easily made therefrom by those 20 
skilled in the art without departing from the scope of the 7. 
present invention. 

Claims 

25 

1 . A piezoelectric actuator comprising a base (1 4), an 

array of drive columns (38) arranged on said base 8. 
(14), each of said drive columns (38) having a top 
surface (31a) for outputting a displacement force by 
a transverse piezoelectric effect, and an external 30 
common electrode (15) and an external signal elec- 
trode (16) for each of said drive columns (38), char- 9. 
acterized in that: 

each of said drive columns (38) is formed in a 35 
unitary body with an underlying portion of said 
base (14) by a first block (31c) of a plurality of 
green sheets (34, 35) made of a piezoelectric 
material and stacked together in a direction 
parallel to said top surface (31a), said green 40 
sheets include first green sheets (34) each 
having thereon a common electrode pattern 
(32) in electrical contact with said external 
common electrode (15) and second green 
sheets (35) each having thereon a signal elec- 45 
trode pattern (33) in electrical contact with said 
external signal electrode (16). 

2. The piezoelectric actuator as defined in claim 1, 
wherein said external common electrode (15) and so 
said external signal electrode (16) are disposed on 

a bottom surface of said base (14). 

3. The piezoelectric actuator as defined in claim 2, 
wherein edges of said common electrode pattern 55 
(32) and said signal electrode pattern (33) are 
exposed at a side surface of each of said drive col- 
umns (38). 



The piezoelectric actuator as defined in claim 2, 
wherein said common electrode pattern (32) and 
said signal electrode pattern (33) are covered by a 
side surface of each of said drive columns (38). 

The piezoelectric actuator as defined in claim 1, 
wherein each of said common electrode pattern 
(32) and said signal electrode pattern (33) has an 
electrode section (36) and a lead section (37), and 
said lead section (37) of said common electrode 
pattern (32) and said lead section (37) of said sig- 
nal electrode pattern (33) are exposed at opposite 
side surfaces of each of said drive columns (38). 

The piezoelectric actuator as defined in claim 1 , fur- 
ther comprising a plurality of dummy columns (52) 
disposed on said base (14) and having a height 
substantially equal to a height of said drive columns 
(38). 

The piezoelectric actuator as defined in claim 1, 
wherein said base (14) and said drive columns (38) 
are rhombic, and said drive columns (38) are 
arranged in directions parallel to sides of said rhom- 
bic base (14). 

The piezoelectric actuator as defined in claim 1 , 
wherein said base (14) has additionally a second 
block (31d) of third green sheets stacked between 
adjacent two of said first block (31c). 

A method for manufacturing a piezoelectric actuator 
comprising the steps of: forming a plurality of green 
sheets (34) made of piezoelectric material and 
each having thereon a common electrode pattern 
(32); forming a plurality of second green sheets (35) 
made of piezoelectric material and each having 
thereon a signal electrode pattern (33); forming a 
plurality of third green sheets made of piezoelectric 
material; stacking said first through third green 
sheets (34, 35) such that said first green sheets 
(34) and said second green sheets (35) form a plu- 
rality of first block (31c), said third green sheets 
form at least one second block (31d), and said first 
blocks (31c) and second block (31 d) are stacked 
alternately to form a stacked body; forming at least 
one first groove (12) on said second block) (31d) 
and at least one second groove (13) intersecting 
said first groove (12) to leave a plurality of drive col- 
umns (38) separated by said grooves (12, 13); 
forming an external common electrode (15) and an 
external signal electrode (16) for each of said drive 
columns (38), said external common electrode (15) 
being in electric contact with corresponding com- 
mon electrode patterns (32), said external signal 
electrode (16) being in electric contact with corre- 
sponding said signal electrode patterns (33). 
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1 0. The method as defined in claim 9, wherein the step 
of stacking said first through third green sheets (34, 
35) is effected such that said electrode patterns 
(32, 33) are consecutively shifted in the same direc- 
tion from the adjacent electrode patterns (32, 33) by 5 
a specified distance. 
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